Background
==========

Assessment of sarcoidosis incidence requires dividing the annual number of newly identified cases (numerator) by the number in the source population (denominator). This apparent simplicity is illusory, for the numerator is a function of ascertainment methodology and ethnic composition.

Main text
=========

Ascertainment methodology
-------------------------

Ascertainment depends on access to medical care and thoroughness of reportage. Additionally, it reflects acuteness of recognition, which is influenced by the experience and assiduity of the interpreting radiologist. Sensitivity to subtle hilar adenopathy and pulmonary shadowing, easily overlooked in mass population screening, is enhanced ("ascertainment bias") by awareness of a putative germane exposure e.g., among World Trade Center disaster responders. Increasingly frequent performance of chest CT and transbronchial mediastinal biopsy may increase ascertainment \[[@B1]\].

Methodological differences are a major impediment to obtaining comparable incidence data. This is illustrated by differential incidence ascertainment in observable (see below) cases. To formalize its meaning, the term "incidence" must be preceded by an adjective defining the operation by which the numerator is acquired, thereby facilitating valid inter-population comparison. Observable cases are divisible into three operationally defined classes, each subsuming the prior class: Cases identified because of symptoms or an incidental chest radiograph are designated "clinically identified." Addition of cases identified by health or employment screening chest radiographs (which will vary systematically between populations) defines "clinically recognized." Addition of cases identified by population screening defines "clinically ascertainable." This classification scheme can be visualized as concentric circles in a Venn diagram.

Ethnic composition
------------------

### White incidence in representative western populations

The incidence of clinically identified cases peaks at ages 20--49. It varies widely between ethnic and geographic populations; it is far higher in Blacks and Northern Europeans. The annual incidence of clinically identified sarcoidosis in Whites in the U.K is 3.4 \[[@B2]\], and in the U.S., 2.8 \[[@B3]\]. (Cited annual incidence and prevalence figures are given as cases/100,000). In a more recent UK study, Gribbin et al. reported an ethnically unsorted incidence of 5.1 \[[@B4]\]. In a Swedish study, clinically identified cases were more than twice as high ---8--- and constituted a minority (42%) of clinically ascertainable cases ---19--- identified by triennial population screening \[[@B5]\]. The latter figure underestimates the clinically ascertainable incidence, for more frequent screening, (by identifying cases with briefer duration), and screening the entire population rather than 64% would have materially increased the numerator. The clinically recognized incidence of 5 in a U.S. population of mixed Northern European ancestry (in which patients frequently received a chest radiograph as a routine component of their periodic physical examination) \[[@B6]\] is somewhat higher than the UK clinically identified figure \[[@B2]\]. A large Danish study reported a clinically identified incidence of 5; population screening tripled that figure to 15 \[[@B7]\]. Sartwell et al. corroborated the tripling effect on incidence of periodic chest radiographic screening by pointing out that only 28% of cases in a US Naval population were identified because of symptoms \[[@B8]\].

In summary, among US Whites, 3 is a plausible provisional estimate of clinically identified sarcoidosis incidence; 4 may be considered an upper bound. The figure is slightly higher in the UK. The clinically identified incidence in Scandinavian populations is 5. The clinically ascertainable incidence is three-fold the clinically identified incidence.

### Black: white incidence ratio

The clinically identified sarcoidosis incidence in Blacks in the two reporting, ethnically mixed, US health maintenance organizations were 36.4 and 35.5 \[[@B3],[@B9]\]. Because health maintenance organizations provide equal access to health care for all members and employ a centrally maintained record they circumvent the requirement for reportage and the potential access bias described above. The Black/White incidence ratio of 13 is in the range of previous reports \[[@B3]\].

Diagnostic decision
-------------------

### Clinical diagnosis

A requirement for histological verification is not typically stated in sarcoidosis incidence compendia. Clinical experience has verified the accuracy of clinical diagnosis in stage I; Hillerdal et al. accepted a clinical diagnosis of stage II \[[@B5]\].

### Misclassification

Individuals exhibiting a local or regional granulomatous response to a neoplasm are not infrequently classified erroneously as having sarcoidosis. The proportion of unascertained chronic berylliosis in sarcoidosis registries is unknown. A phenocopy of sarcoidosis, it can escape detection unless careful inquiry into industrial exposure, supported by beryllium-lymphocyte proliferation testing, has been undertaken \[[@B10]\].

Lifetime prevalence
-------------------

Lacking a diagnostic gold standard, autopsy prevalence is imprecise. Enumeration is contingent, in part, on the pathologist's decision whether pulmonary involvement suffices, whether one or more than one organ demonstrating epithelioid granulomatous changes are required for confirmation, and whether historical or pathologic evidence of potentially confounding, co-existent diseases or exposures are present. Hägerstrand and Linell in a Swedish autopsy series of 6,706 cases reported a prevalence of "certain" (pulmonary or multi-organ epithelioid granulomas) of 640, while the prevalence of uncertain cases was 210. The 640 figure was 10-fold the point prevalence (of clinically ascertained) sarcoidosis estimated by mass radiographic screening in a Stockholm population \[[@B11]\]. Reid reviewed 9,324 forensic autopsies performed in Ohio, in which Blacks constituted one-third, identifying 31 "accepted" cases of sarcoidosis, a prevalence of 333, 10-fold that reported on Cuyahoga death certificates \[[@B12]\]. An additional 11 cases (prevalence 110) were rejected due to possible confounding, principally by illicit drug exposures. Reid noted a ratio of Blacks: Whites of 4.7: 1. Ethnic comparison is limited by small numbers, but this relatively low ratio raises the question whether the reported far higher clinically identified Black incidence might be influenced by a more exuberant response leading to a greater likelihood of clinical recognition. It is not known whether pathological residuals are present in all resolved cases. If not, then post-mortem figures underestimate the lifetime prevalence of sarcoidosis, for the majority of cases resolve. Had we a sarcoidosis marker similar in its simplicity, availability, persistence, sensitivity and specificity to the tuberculin test, the true incidence and lifetime prevalence of sarcoidosis could be ascertained. These figures are incomputable; available figures constitute lower bound estimates.

Computation
-----------

Employing as the denominator the number of persons at risk (rather than the population from which they are derived) in computing the incidence results in a spuriously elevated figure if the peak incidence is concentrated in the age range of the at risk cohort. This consideration is directly applicable to the occupational incidence of sarcoidosis because \~ 85% of cases are identified in the occupational age group, 20--49.

Causal inference
----------------

Several investigators have inferred a causal connection between sarcoidosis and environmental or occupational exposures based on a marked incidence differential vs. population based, clinically identified figures. This inference is weakened by ascertainment bias, lack of an identified putative antigen, the incidence-trebling effect of cohort radiographic surveillance, and the employment of the surveyed, working age cohort as the denominator in the computation \[[@B13]\].

Conclusions
===========

1\. Methodological identity is required to ensure valid inter-population incidence comparison.

2\. The clinically identified incidence of sarcoidosis in US Whites is 3; in UK Whites, 3.4; in persons of Scandinavian descent, 5. Population screening of Whites triples that figure. The clinically identified incidence in US Blacks is 36.

3\. "The" incidence of sarcoidosis is indeterminable. It is a notional concept due to a combination of ascertainment and methodological contingencies and the preponderance of unobservable cases.

4\. Judging from autopsy prevalence, sarcoidosis is common; clinically identified cases constitute a small minority of those that are histologically verifiable.

5\. Causal inference based on incidence differential is confounded by differences in case acquisition and incidence computation.
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